Background: This study compared the growth of Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Streptococcus pneumoniae, and Haemophilus influenzae in blood culture bottles containing anticoagulants, sodium polyanethol sulfonate (SPS) and sodium citrate. Methods: One hundred and fifty colony forming units of five different bacterial species were inoculated into standard aerobic (SA) and standard anaerobic (SN) bottles and were combined with 5 mL of human blood in solution with SPS or sodium citrate. Time to detection (TTD) was then monitored using the BacT/ Alert 3D system (bioMerieux Inc. 
INTRODUCTION
Despite its widespread use as an anticoagulant for blood culture [1, 2] , sodium polyanethol sulfonate (SPS) is not commonly used in other laboratory analyses. The establishment of an artificial blood culture model is complicated by the difficulties associated with large-scale SPS anticoagulant preparation for phlebotomy. During blood donation, collection bags usually contain sodium citrate as an anticoagulant. Given the many phlebotomies of polycythemia patients in large hospital settings, it would be preferable to use sodium citrated blood in bacteremia analyses. Citrate, heparin, and EDTA are known to be toxic to microorganisms in blood culture [1, 3] . However, if the inhibitory effect of citrate on bacterial growth is minimal compared to that of SPS, sodium citrate might be an acceptable alternative for in vitro bacteremia detection. We compared the growth of bacteria in the absence of blood to bacterial growth following spiking with SPS or citrate-treated whole blood samples. To our knowledge, no previous studies have directly compared the effects of SPS and citrate on bacterial growth in blood culture. Staphylococcus aureus and Eschericia coli which are the most common pathogens causing sepsis in Korea [4] were used for the experiment. Pseudomonas aeruginosa, an absolute aerobe, as well as Streptococcus pneumoniae and Haemophilus influenzae, two fastidious organisms, were also included.
As the blood culture bottles could be entered to the automatic blood culture machine several hours after inoculated with blood, we contrived preincubation of these bottles either at room tem- pneumoniae on BAP to a mean CFU of 160±77; H. influenzae on chocolate agar plates to a mean CFU of 150±67.
MATERIALS AND METHODS

Bacterial preparation
Preparation of anticoagulated blood
A solution of SPS was prepared by adding 1,320 mg of SPS (Sigma-Aldrich, St. Louis, MO, USA) to 200 mL of 0.9% sterile saline. Ten milliliters of SPS solution then was added to each 100-mL aliquot of blood obtained from volunteers [5] . To obtain citrated blood, we used commercial blood collection bags designed for blood donation. Blood was collected from patients who visited our hospital for phlebotomy. Each bag contained 56 mL of 3% sodium citrate solution for 400 mL of phlebotomy.
Five milliliters of the anticoagulated blood samples was added to bacteria-inoculated bottles. Final concentration of SPS in the experimental bottle (0.037%) revealed the same with the uninoculated bottle (0.035%).
A negative control was prepared containing only bacteria except H. influenzae which requires blood to grow. The experimental protocol was approved by IRB and blood was collected after receiving written consent from the participants.
Time to detection
The bottles were preincubated at 25 o C or 37 o C for 0, 6, or 12 h. Bottles then were inserted to the BacT/Alert 3D system (bioMerieux Inc.) to measure the time to detection (TTD), defined as the period from the insertion of the bottle to the detection of microorganisms [1] . Mean±SD TTDs for the control, SPS blood, and citrated blood were analyzed for each bacterium.
Statistical analyses
The Mann-Whitney U test was used for the non-parametric analysis of mean TTD differences. The Kruskal-Wallis test was applied to detect differences in the mean TTDs across all preincubation periods. The Jonckheere-Terpstra test was used to measure a decrease in the TTD with preincubation time. All statistical analyses were two-sided and were performed using IBM SPSS v.20.0 software (SPSS Inc., Chicago, IL, USA) at the statistical significance of P value＜0.05.
RESULTS
Non-fastidious organisms: S. aureus and E. coli
Compared to the control (SA 15.0±0.6 h, SN 15.0±1.2 h), the cultures containing S. aureus plus SPS blood or citrated blood trended toward reduced TTDs under both SA (SPS 13.3±1.0 h, citrate 13.1±1.0 h) and SN (SPS 13.1±0.9 h, citrate 13.6±1.2 h) bottles ( Fig. 1) (P=0.10) . However, no significant differences in the TTDs were identified between these two anticoagulants (P=0.70).
The mean TTDs were much shorter for E. coli compared with S. aureus. Spiking with SPS blood or citrated blood affected less of a reduction in TTDs for E. coli. Mean TTDs in the SA bottles were 12.7±0.8 h for the control, 12.0±0.6 h for the SPS blood, and 11.9 ±0.6 h for the citrated blood (data not shown, P=0.40). Mean TTDs were equally 11.4 h in the SN bottles for the control, SPS blood, and citrated blood.
Absolute aerobe: P. aeruginosa
TTDs of SA in the control, SPS blood, and citrated blood were similar: 17.6±0.3 h, 16.4 ±0.5 h, and 16.5±0.8 h, respectively (P=0.10) for P. aeruginosa.
Fastidious organisms: S. pneumoniae and H. influenzae
TTDs of SA in the control, SPS blood, and sodium citrate blood were not significantly different: 14.9±0. 18.3±0.9 h) in the SN bottles (P=0.10).
Effect of preincubation
All experimental bacteria showed a significantly rapid de- tection by preincubation at 37°C for 6 h or 12 h (P＜0.05). All bacteria showed also significantly shorter TTDs even by preincubated at 25°C; except S. pneumoniae for citrated blood in SA and SN bottles, and SPS blood in SN bottle; H. influenzae for citrated blood in SA and SN bottles, and for SPS blood in SN bottles (data not shown, P＞0.05).
DISCUSSION
It seemed difficult to find out the previous studies on the effect of blood on the growth of organisms. Previous studies involving simulated blood cultures examined only SPS blood [5, 6] , only citrated blood [7, 8] , or only bacterial inoculation [9] . Although SPS is widely accepted as an anticoagulant in blood culture [1, 2] , it is very hard to prepare a large scale of phlebotomy. Citrate is commonly used for blood donation. The inhibitory effect of citrate was compared with SPS in this experiment with commonly encountered bacteria in the sepsis. In conclusion, citrated blood showed comparable TTDs with SPS blood for five experimental bacteria including fastidious organisms. As SPS is difficult to prepare and rarely is used in the laboratory, we may consider using sodium citrate in simulated blood culture experiment.
